Chemical impacts on the environment are routinely assessed in single-species tests. 15 They are employed to measure direct effects on non-target organisms but indirect effects on 16 ecological interactions can only be detected in multi-species tests. Micro-and mesocosms are 17 more complex and environmentally realistic, yet, they are less frequently used for 18 environmental risk assessment because resource demand is high while repeatability and 19 statistical power are often low. Test systems fulfilling regulatory needs (i.e. standardization, 20 repeatability and replication) and the assessment of impacts on species interactions and 21 indirect effects are lacking. Here we describe the development of the TriCosm, a repeatable 22 aquatic multi-species test with three trophic levels and increased statistical power. High 23 repeatability of community dynamics of three interacting aquatic populations (algae, 24 Ceriodaphnia, Hydra) was found with an average coefficient of variation of 19.5% and the 25 2 ability to determine small effect sizes. The TriCosm combines benefits of both single-species 26 tests (fulfillment of regulatory requirements) and complex multi-species tests (ecological 27 relevance) and can be used, for instance at an intermediate tier in environmental risk 28 assessment. Furthermore, comparatively quickly generated population and community 29 toxicity data can be useful for the development and testing of mechanistic effect models. 30 31 KEYWORDS 32 ecological risk assessment, aquatic invertebrates, population-level effects, food chain, aquatic 33 microcosm, multi-species testing 34 35 36 42
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INTRODUCTION 37
The thorough assessment of environmental risks is essential for chemicals that could 38 potentially be released into the environment. Agricultural pesticides, for instance, are used to 39 enhance crop production but due to their toxic nature they may have negative effects on 40 organisms other than the targeted species (Benton et al. 2007; Rockström et al. 2009; Beketov 41 et al. 2013; Stehle and Schulz 2015) .
preliminary tests were performed to determine which algae-grazer combination in terms of 175 organism abundance would prevent both algal blooms and the death of grazers due to 176 starvation. No preliminary tests were done to determine the impact of Hydra predation on C. 177 dubia numbers prior to the test outlined in Table 1 . Two organism densities and different 178 addition times were chosen based on preliminary testing and four different setups were 179 conducted simultaneously (Table 1) . C. dubia were added on the same day as the green algae 180 in all experiments, except for setup 1 where grazers were added 1 day later to allow short 181 acclimation of the algae to test conditions. Dependent on food concentrations, C. dubia 182 matured later in setups 1, 2 than in setups 3, 4 hence H. viridissima were introduced to the 183 systems 5 and 4 days, respectively, after C. dubia were added. The predators were added only 184 once the grazers started reproducing to prevent variable numbers of C. dubia reproducers and 185 neonates early on in the systems that could lead to noticeable impacts on community 186 dynamics and replicate variability. Replicate numbers differed between setups 1, 2 and 3, 4 187 due to space constraints on the shaker platform. We computed the CVs for the algal concentration (cells/ml) and the total number of in terms of low variance. The experimental setup with the lowest replicate variability 200 (Experiment 1) was determined and repeated (Experiment 2) to assess the reproducibility of 201 system dynamics and replicate variability. Table 1 for Food Safety Authority (EFSA) that grouped MDD sizes into five classes and described the 239 likely ability of effect detection (Class 0: MDD > 100% = no effect detection, Class I: MDD 240 90 -100% = only large effects, Class II: MDD 70 -90% = large to medium effects, Class III:
241
MDDs 50 -70% = medium effects, Class IV: MDD < 50% small effects) (EFSA 2013).
242
To assess species interactions between system components, population dynamics were 243 compared graphically between experiments and significant differences were assumed where 244 95% confidence intervals did not overlap.
The community dynamics ( 249 Figure 1 ) and the coefficients of variation differed among the four setups ( Figure 2 ) 250 and over time ( Figure SI 2) . In general, the algal concentration (cells/ml) peaks were 251 followed by C. dubia abundance peaks and a constant increase of H. viridissima populations.
252
The highest C. dubia peak 172 (± 10) individuals (mean ± 95% confidence interval range) 253 was found in Setup 1 on day 14 following an algal peak on day 6 when an average of 6.86 (± 254 0.64) x 10 5 cells/ml was measured ( 255 Figure 1A) .The highest algal peak of 11.51 (± 5.59) x 10 5 cells/ml appeared in Setup 256 3 on day 11 with increasing variance in terms of organism numbers between replicates over 257 time ( 258 Figure 1C ). H. viridissima populations showed steady growth during the test duration 259 and increased in numbers by an average of 42 (± 6), 45 (± 8), 72 (± 18) and 54 (± 15) 260 individuals in Setup 1, 2, 3 and 4, respectively ( Figure 1A -D) . Final counts differed due to variances between controls and treatments are similar, the TriCosm is estimated to be 323 sufficiently sensitive to identify differences of 12% (± 4), 36% (± 7) and 50% (± 17) for P. 324 subcapitata and 9% (± 7), 31% (± 4) and 38% (± 19) for C. dubia populations in week 1 325 (day 1 -6), week 2 (day 7 -13) and week 3 (day 14 -21), respectively (averaged MDDs 326 between Experiment 1 and 2). Averaged MDDs for H. viridissima were 25% (± 14) and 35% 327 (± 7) in week 2 and 3, respectively (Figure 3) . The MDDs for critical endpoints in the 328 TriCosm can be assigned to MDD classes III (50 -70%) and IV (< 50%), indicating the 329 ability to determine small and medium sized effects, respectively (EFSA 2013). 
341
We designed the TriCosm as a rapidly cycling, tri-trophic system with a producer-342 herbivore-carnivore community of small size for the purpose of quick detection of chemical 343 impacts on species interactions. Our system is comparatively smaller (0.5 L) than many other 344 multi-trophic systems (Metcalf et al. 1971; Daam and Van Den Brink 2007; Foit, Kaske, microcosm. Aquat. Toxicol. 88:102-110 Table   617 1 for details). 
